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Numerous papers have been published concerning the impact of trade on growth and income 
and scientists are engaged in the debate since the early days of economic history. The topic 
has gained resurging interest in the wake of a leap in the volume and value of international 
trade during the last decades. Recently many publications have tried to conduct empirical 
testing on the impact of trade on growth respectively income, employing cross-country and 
panel data regression analysis.
2 In these studies, indicators of openness are regressed on in-
come or growth of income controlling for other important growth variables. In doing so, the 
specification of the regression equation is done in a fairly ad-hoc manner what is often re-
ferred to as informal regression. The aim of this paper is to fill the gap between the theoretical 
work that has not been applied empirically and empirical studies that lack a theoretical basis.  
 
To this end, a regression equation will be derived directly from a (neoclassical) growth model 
containing the substance of trade aspects from the most recent growth theories and subse-
quently estimated with cross-country and panel data. For this purpose, aspects of modern 
growth theory concerning international trade with a focus on developing countries are briefly 
highlighted. These aspects are then incorporated into an extended neoclassical growth model. 
The model will contain different variables compared to the commonly used openness indica-
tors. It will allow us to draw more specific hypotheses about the relationship between trade 
and growth as compared to statements like “openness is good for growth” (Dollar/Kraay, 
2004). Finally, an empirical estimation equation will be derived from the model in order to 
test the hypotheses. The paper closes with conclusions for trade theory as well as trade policy 




The early classical theorists Ricardo and Heckscher already pointed out to possible gains from 
trade. These gains stem from specialization in production due to international trade. If coun-
tries specialize according to their comparative advantage enhanced resource allocation can be 
achieved. This improves (allocation) efficiency because resources which have formerly been 
employed in the production of other goods are now shifted to the production of the good(s) a 
country produces best. Consequently, the welfare (income) of all trading nations is im-
proved.
3 This constitutes, however, only a level-effect in consumption possibilities. Further 
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effects, like for instance an increase in output growth rates, can not be explained by these 
theories.  
 
More recent theories of the connection between trade and growth suggest different (growth) 
effects of trade, from none to positive as well as negative effects.  
In a world where large industries with economies of scale dominate, the classical explanation 
of trade and its positive impact on welfare does not hold.
4 The cost advantage e.g. a first 
mover gains because of increasing economies of scale can prevent possible other producers  
from entering the market even though they would have an (comparative) advantage. In this 
scenario, a small country that opens up to trade and has not yet acquired the necessary scale 
effects is not capable to compete with the first mover.  
Another line of argumentation points to possible disadvantages of an increased specialization 
particularly for developing countries. If these countries e.g. specialize in sectors with less 
productivity growth or lower income elasticity of demand (e.g. agricultural sector), their 
income growth will always lag behind that of developed countries and the income disparity 
between rich and poor countries will grow. Redding (1999) calls this the “specialization trap”. 
Productivity growth in developing countries will be permanently lower.  
 
Similar results can be concluded from a strand of endogenous growth theory, the so called 
“learning-by-doing” approach. This approach presumes learning progress during production, 
i.e. in the course of production workers learn to produce faster and better and therefore pro-
duction becomes more efficient. It is assumed that the overall productivity increases in the 
course of production. Productivity growth in this case can be modelled endogenous as “side 
product” or spillover of production or investment of an economy. Because of learning spill-
overs in the production process growth models of this type can generate continuous growth 
rates of per capita income without referring to technological progress as in the Solow (neo-
classical) growth model. The implications for international trade are twofold: i) If there are 
sectors or products with a different speed of learning and countries by trading specialize in 
their production, the one specialized in the production of the good with the higher learning 
rate will grow continuously faster.
5 In this case trade barriers, such as tariffs, can be growth 
enhancing for the country with the lower learning rate (RR, 2000). ii) Since learning rates and 
productivity growth are dependent on output, infant industry protection can help gaining the 
necessary learning experience needed to compete in world markets (Krugman, 1987).  
 
Lukas (1988, 1993) applies learning by doing to a human capital model. He emphasizes that 
human capital is not only accumulated through investment in education, but equally important 
through learning by doing or training on the job. By introducing external effects (spillover 
effects) of human capital accumulation Lucas creates an endogenous model with constant per 
capita growth rates. The Model offers the possibility of different equilibrium growth rates 
across countries without referring to different productivity growth. Similar to the other models 
international trade intensifies comparative advantage through the learning-by-doing tech-
nique, leaving countries with poorer learning rates growing slower.
6  
In the later paper (1993), Lucas points out that learning by doing in any activity has diminish-
ing returns. That is “learning rates on individual production processes decline over time to 
zero” (p. 266). This means that high learning rates and thus fast human capital accumulation 
and subsequent economic growth can only be maintained through the initiation of new activi-
ties. Therefore, in order to grow, an economy must continuously shift its workforce to the 
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production of new goods. Only this guarantees high learning rates with spillover effects for 
rapid human capital accumulation.
7  
 
With decreasing learning rates and no single sector having permanently higher learning rates 
than another, the possibility for poorer countries to catch up is better. The lock-in effect of 
initial comparative advantage and subsequent learning progress is moderated. However, if 
opening leads to a pattern of trade where developing countries import new (higher quality) 
goods introduced in developed countries rather than to produce them domestically, learning 
rates in these countries will be suppressed as well as subsequent growth.
8  
 
Another way of human capital formation pointed out by Lucas (1993) is based on the view of 
knowledge as global public good. Knowledge is supposed to diffuse worldwide, e.g. through 
scientific publications, engineering imitations, blueprints, etc. The idea is that knowledge can 
be acquired not only through one’s own efforts but also through world-wide knowledge spill-
overs. Knowledge is non-rival in its nature, that is it can be applied by different people at the 
same time without additional costs. And it is at least partially non-excludable.
9 Economic 
entities can use new insights even though they do not contribute to research and development. 
These properties of knowledge theoretically allow countries with smaller human capital 
stocks to accumulate human capital faster through the adoption of international knowledge 
and therefore to catch up with the rest of the world. Lucas in his paper does not differentiate 
between knowledge and human capital using an extended version of the term “human capital” 
including knowledge.  
  
Other authors on the other hand stress that knowledge and human capital are not identical 
terms.
10 Knowledge refers to unbound, theoretical information, that is e.g. enclosed in books 
or blueprints, readily available and accessible for everyone, while human capital represents 
embodied knowledge and skills. Free available knowledge does not automatically increase the 
stock of human capital. One has first to acquire and adapt this knowledge, which might not 
come without costs. In general, however, imitation is said to come at lower costs than innova-
tion.
11 Furthermore, it can be argued that a country needs a certain stock of human capital in 
order to be able to acquire and adapt knowledge. Countries with a very low stock of human 
capital could find it difficult to adapt knowledge and as a result, human capital accumulation 
is slowed down further.
12 Notwithstanding the above mentioned, Lucas models knowledge 
creation as an unintentional side-product of (intentional) human capital production with 
world-wide spillovers that can be acquired without cost.  Knowledge is modelled as form of 
human capital or at least as human capital increasing, with the possible catching up growth 
effects described above.  
 
Romer (1990) developed a model where output is determined by the number of different 
available capital good variants. He uses an extended Cobb-Douglas production function, a so 
called additively separable function, in which capital goods are not substitutes for each other. 
They are produced in the intermediate sector which uses patents as input factor coming from 
the R&D sector. In the R&D sector designs for new capital goods are developed with the 
input of human capital and technical knowledge. Knowledge creates spillovers and can be 
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used by every economic unit free of charge. The R&D sector therefore exhibits non-
diminishing returns. Human capital is also used in the final-product sector and its deployment 
is therefore rival between the final sector and the R&D sector. The higher the human capital 
stock is and the more human capital is deployed in the R&D sector, the higher is the rate of 
output growth of a country.  
One conclusion from this theoretical set-up for a developing country with a small human 
capital stock is that it is not able to employ much human capital to the R&D sector and there-
fore only produces few new designs resulting in little capital good variants and subsequent 
low output growth. Countries with a higher human capital stock on the other hand can grow 
faster leading to more international income divergence.  
What implications does the Romer-Model have for international trade? In principle the Romer 
model can distinguish between free trade in goods and free flows of ideas.
13
1)  By trading differentiated capital goods, domestic manufactures can take advantage of 
foreign designs. The number of available different capital goods increases and conse-
quently total output of the economy. In similarly endowed economies the allocation of 
human capital between the manufacturing and the R&D sector is not affected and there-
fore free trade induces no further growth effects.
14 In different endowed economies, trade 
in goods alone increases the growth rate of the slower growing economy and decreases the 
growth rate of the fast growing economy.
15 This result stems from the fact that countries 
poorly endowed with human capital will devote a larger proportion of human capital to re-
search after opening up. 
2)  If ideas flow freely, the stock of knowledge in each country that can be used in the re-
search sector increases. The growth of technology and along with it the growth of the 
whole economy is spurred. Furthermore through an increase of the productivity of human 
capital in the R&D sector more human capital is deployed in this sector, enhancing the 
growth rate even further. This outcome holds even if trade in goods is not permitted
16 and 
countries have different levels of technology.
17 
The dynamic growth mechanisms that are at work in the Romer model with international 
integration can be broken down into an integration-, a redundancy- and an allocation-effect.
18  
The integration effect refers to increasing returns in the manufacturing and the R&D sector. If 
economies have access to a wider range of differentiated capital goods after opening up, 
output is increased even if the absolute quantity of the capital stock has not changed. Increas-
ing returns in the R&D sector are a result of knowledge spillovers. Free flows of ideas in-
crease the stock of knowledge in every country which is one of the growth factors in the 
model. This integration effect is even enhanced through the redundancy effect, meaning that 
in integrated R&D sectors the wheel does not need to be invented twice thereby increasing the 
efficiency of research. The allocation effect describes the changes in the assignment of human 
capital to the R&D and the manufacturing sector. A free flow of knowledge increases the 
productivity of human capital in the R&D sector and therefore induces a rise in wages in the 
sector. This causes a shift of human capital from the manufacturing sector towards the R&D 
sector and more human capital in the R&D sector increases the overall growth rate.  
The Romer model predicts very positive outcomes of international trade for integrating coun-
tries. In most specifications opening up of the economy does not only induce level effects but 
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also strong growth effects. This is especially true for countries that are less advanced or less 
productive. The main cause lies in the growth effects of knowledge and technology transfer.  
The Romer model therefore provides a strong indication of income convergence for open 
countries.  




The goal is to derive a model that incorporates the essence of the above-mentioned theories 
and subsequently is able to be empirically tested. Starting with the basic neoclassical produc-




β; α + β  =   1           ( 1 . )  
 
Technological Progress (dA/dt) is assumed to be labor-augmenting and the function exhibits 
constant returns to scale in all production factors. Population (workforce) growth is exoge-
nously given by the rate of n. Capital is accumulated through investment, which is financed 
through domestic savings. (The savings quota (s = S/Y) is assumed to be exogenously deter-
mined.) 
 
dK/dt = I = S = s * Y .              ( 2 . )  
 
This basic production function is extended through the incorporation of human capital (H) and 
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The idea, adopted from Romer, is that developing countries who might not be able to produce 
capital goods themselves because of the above mentioned reasons can import these from other 
countries. The stock of imported capital goods is modelled as a separate factor of production 
because it is financed through net export revenues and is likely to exhibit a higher productiv-
ity than domestic capital. Net export revenues are total export revenues less expenditure for 
imported consumption goods. One can think of net export revenues as nothing else than for-
gone consumption that is used to finance the capital stock. It is important to point out that 
exports in this setting have no impact on income by themselves. Only through their function 
as “savings” to finance imported capital goods are exports considered income enhancing. 
Technically, the accumulation of imported capital (Imp) can be formulated as follows: 
 
dZ/dt = Imp = Exp = ex * Y ,           ( 4 . )  
 
Ex and ex are net magnitudes referring only to capital goods, i.e. the stock of imported capital 
is increasing through the import of capital goods (Imp) which are financed through net ex-
ports (Exp), which are linked to income through the net export quota (ex = Exp/Y).   
  
Human capital can be accumulated in three different ways: Through investment into educa-
tion, through learning by doing, and through international knowledge spillover.     
Human capital formation through investment in education is build on the assumption that the 
fraction of income a country chooses to invest into schools, universities, or other training 
facilities leads to the formation of human capital. In line with Mankiw, Romer, Weil (1992) 
and others the same production function applies to human capital as to physical capital: Hu-  6
man capital is accumulated through investment into education (Ih) which is financed through 
savings (Sh), that can be expressed as savings-quota (sh) multiplied by income (Y):  
 
dH/dt = Ih = Sh = sh * Y .               ( 5 . )  
 
Another way of thinking about human capital accumulation is pointed out by Lucas. He 
stresses (as outlined above) accumulation through learning by doing during the production 
process of individual goods. The more one produces, the more learning occurs and the more 
human capital is build. Learning by doing in one product, however, faces decreasing returns. 
The only way to keep learning by doing (and therefore human capital formation) on a high 
level is through the continuous introduction of new goods.   
This idea about human capital formation can be incorporated into our neoclassical framework 
by multiplying the human capital accumulated through investment in education sh with an 
index for product discovery (p): 
 
dH/dt = sh * Y * (1 + p) ; 0 < p < 1                (6.) 
 
The more a country diversifies its production, either through innovation or through imitation,  
the higher the value for p is and the more human capital is accumulated. P will count new 
products that are produced domestically and thereby represent a proxy for learning by doing. 
 
The third possible way of human capital formation is seen in international knowledge spill-
overs. With the advancement of communication technology, as well as transport facilities and 
infrastructure, world-wide diffusion of knowledge today is ever more possible. Countries not 
engaged in R&D can profit from new ideas and inventions through the diffusion of knowl-
edge. The more a country is lacking behind technologically the higher the possibilities to 
adapt already existing ideas and through imitation making use of knowledge produced else-
where in the world. This offers the chance to catch up with countries at the technological 
frontier through human capital accumulation. However, knowledge adoption and subsequent 
human capital accumulation does not happen automatically as a consequence of distance to 
the knowledge frontier.  
There are certain barriers to knowledge absorption for different countries. Weak communica-
tion or transportation infrastructure may hinder the flow of ideas and knowledge. Internet 
access can play a crucial role to access world knowledge. Another channel for knowledge 
diffusion is foreign direct investments or imports of technological advanced goods. Therefore 
the “openness” of a country, in terms of FDI restrictions or trade barriers, can play a crucial 
role for knowledge diffusion. Furthermore, the political and economic institutions that are in 
place can pose different incentives for knowledge adoption or imitation. It also can be argued 
that a certain level of human capital needs to be in place to be able to absorb and utilize 
knowledge.     
 
This concept is integrated into the model with the notion that the absorption capacity of a 
country can present a possibility for accelerated human capital accumulation. Technically, this 
is done in analogy to learning by doing through adding a further factor labelled knowledge 
diffusion (w): 
 
dH/dt = sh * Y * (1 + p) * (1 + w) ; 0 < p < 1, 0 < w < 1           (7.) 
 
 
   7
The incorporation of the two variables product development (p) and knowledge diffusion (w) 
allows the integration of new channels for human capital accumulation within a neo-classical 
setting. Through the multiplication of these variables with the “traditional” variable invest-
ment in human capital (Ih), the theoretical foundation for faster human capital accumulation 
and in consequence faster catch-up growth is provided. The accumulation of human capital 
still exhibits neoclassical production function features such as diminishing returns. Taking 
into consideration depreciation, human capital formation continues to converge into a steady 
state, however, with a possible much higher income disparity between countries. The steady 
state human capital intensity (human capital per head) now not only depends on the willing-
ness to save for education but also on the ability of product development (product differentia-
tion) and knowledge absorption.   
 
The above outlined model presents an attempt to incorporate growth determinants from en-
dogenous models into a neoclassical framework. To this end, the basic production function 
has been expanded for the inclusion of two other kinds of capital, human capital and imported 
capital, and a more detailed breakdown of capital accumulation. The function still exhibits the 
traditional neoclassical features like diminishing returns to all production factors and constant 
returns to scale.  
However, it has a deeper explanation content concerning the level of output and the course of 
output growth compared to the traditional neoclassical model, especially when the model is 
confronted with stylized facts about world-wide income. The model allows for much higher 
differences in steady-state income for different countries. The steady-state income and income 
convergence between countries is conditioned by more variables than the willingness to save. 
Depending on countries’ individual magnitude of these variables the income spread between 
countries can be much higher. Similar to that, faster transitory growth is possible for countries 
that have not yet reached their steady state and richer countries can grow faster than poorer 
ones, if they are further away from their individual steady state. Last but not least, the model 
explicitly incorporates aspects of international integration. All these features are more in line 
with stylized facts about countries’ level and growth of income.   
 
To proceed further we define k = K/AL as the stock of physical capital per effective unit of 
labor, h = H/AL as the stock of human capital per effective unit of labor, z = Z/AL as the 
stock of imported capital per effective unit of labor, and yt = Y/AL as the income per effective 
unit of labor. 




 β * zt
γ.            ( 8 . )  
 
Assuming the same constant rate of depreciation (δ) for all types of capital and population 
growth rate n equalling the growth rate of the labor force and technology growing at the same 
constant rate, g, the evolution of the capital stocks are given by  
 
 dkt/dt = skyt - (n + g +δ)kt,           ( 9 . )  
 
dht/dt = sh yt * (1 + p)
θ
* (1 + w)
ω - (n + g +δ)ht,           (10.) 
 
dzt/dt = ex yt - (n + g +δ)zt.          (11.) 
 
The steady state is reached when k, h, and z do not change any more, i.e. the capital stock per 
effective unit of labor stays constant. In this situation every additional increase in the stock of 
capital is offset by depreciation, population growth and technical progress (n + g +δ).    8
The steady-state values for k, h, and z are obtained by setting (9.), (10.), and (11.) equal to 
zero and simultaneously solving for k, h, and z. For purposes of simplification the time indices 
are omitted in the following arithmetic, and (n + g + δ) is replaced by x.  
From equation (9.) follows: sky = x*k. Replace y by equation (8.) and solve for k:  
 













k            (12.) 
 
In the same way solving (10.) for h: 
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And solving (11.) for z: 
 












z            (14.) 
 
The above performed arithmetic provides three equations with three unknown variables (k, h, 
and z). By solving this linear system of equations we obtain the steady-state values z*, h*, and 
k* as an expression of only independent variables sk, sh, ex, p, w. 
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In the next step this equation can be used as basis for an econometric estimation.  
Taking logarithms: 
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s mentioned above, technology is assumed to grow at a constant ratio  , which is the same 
tries.
19 Therefore the level of technology A can be expressed as some initial stock 
genous (exponential) growth rate g
A = A0*e
gt+ε . The term A0 reflects more country specific factors such as resource endow-
ments, climat ith this information (yx) can be expressed as  
 
A0 multiplied by the exo  and some country specific shocks: 
e, institutions, etc. W
ln(PCI) = ln(A0) + gt + 
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This equation provides an empirical specification directly derived from an extended neoclas-
sical growth model for testing the influence of different variables on the level of per capit
income. 
The right side specifies the factors that determine the level of the steady state per-capita-
income in this theoretical setting. Apart from the initial stock of technology (A
ln(n + g +δ) + ε .    (21.) 
a 
t 
ed, that imported capital has a higher productivity than domestic capital. Openness, 
                                                
0) and its ex-
ogenous growth rate (g), these are domestic savings for investment in education (sh), product 
innovation (1+p), and global knowledge spillovers (1+w), which enhance human capital 
accumulation, as well as domestic savings for investment (sk) and net-exports (ex), which 
finance real capital accumulation, plus population growth (n), which has a negative effect on 
the level of per-capita-income. Notice that the growth rate of technological progress (g) and 
depreciation (δ) are assumed to be constant. With this specification the focus is on the contri-
bution of trade and openness on factor accumulation in a neoclassical setting whereas mos
ad-hoc specifications focus (implicitly) on the impact of trade on total factor productivity.
20 
Net-exports finance imported real capital and thereby increase the total stock of capital. It is 
um ass
expressed here as term (1+w), has an impact on the accumulation of  human capital through 
knowledge transfer. The idea is that amongst others the more open a country is, the more 
 
19 This is a highly debated assumption, see e.g. Temple (1998, p. 363). 
20 Within a neoclassical framework it is not possible to model international trade as impacting on technological 
progress for empirical testing as it has been done in Li, Liu, and Rebello (1998). This is so, because trade (or 
openness) would enter the term x. Besides the two constant variables technological progress g and depreciation δ 
the term x would then contain two changing variables, population growth and trade (openness), which makes it 
impossible to estimate their effects independently.     10
knowledge can be acquired about production processes, managerial methods, technologies, 
etc.  
   
Besides analysing the level of per capita income we are also interested in the implications o
the model for the growth of per capita income. In the steady-state the growth rate of pci in our 
model is the same as for the standard textbook model: it grows with the exogenous rate of 
technological progress (g). The different capital stocks all grow with the same (exogen
rate as the population (n), so that there is no further capital intensification and subsequent p
growth. More interesting in our context is the so-called transitional growth path, assuming 
that countries have not yet reached their steady state level income. In this case, growth de-
pends on how far away a country is from its steady state. Notice that the neo-classical growth





ies, meaning that 
 model and this extended version only allow countries to grow to their individual 
teady-state, which is defined by various country specific factors, like e.g. the savings ratio. 
e, a rich country can grow 
at incomes of countries with similar steady state parameter will converge.  
poor countries grow faster than rich ones and eventually catch-up with them. The neo-
classical
s
Therefor faster than a poor one if it is further away from its individ-
ual steady state. This growth process is referred to as conditional convergence, which means 
th
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It can be shown that the exponential function ln(y(t)/y*) = c*e
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by using the relation ln(y) = ln(pci) – ln(A) (see above): 
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differential function looks like:  
 
lny(t) - lny* = ln(y(0)/y*)*e
-λt = e
-λt lny* - e
-λt  lny(0).      (23
 
Through rearranging terms we receive:  
 
lny(t) = (1 - e
-λt) lny* + e
-λt  lny(0)         (24.) 
 
According to the above equation, the effective per capita income is dependent on initial in-
come and steady state income weighted by the regression coefficient. Per capita values ca
obtained 
 
ln(PCI(t)) – ln(A(t)) = (1- e
-λt)lny* + e
-λt(ln(PCI(0))  –  ln(A(0))     (25.) 
 
By further rearranging and using the relation ln(A) = ln(A(0)) + gt + ε (see above) the growth
rate of per-capita-income is given as log. difference between the actual income and basis 
income: 
 
g(PCI) = ln(PCI(t)) – ln(PCI(0)) = (1- e
-λt) lny* – (1
 
 
21 See e.g. Barro and Sala-i-Martin (1995) or Romer (1996).   11
The per capita growth rate depends on the differ  initial inco
income adjusted by the convergence coefficient  itial level of
income and steady state is bigger.  
 
ence between me and steady state 
λ (plus the in  technology and its 
growth rate). Other things being equal, countries grow faster if the distance between initial 
Finally substituting lny* with equation (19.):  
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income. With the equation above it is possible to perform eco
tr




A typical OLS regression has the following standard format: 
 
yi = β0 + βkXik + εi
 
A basic feature of a cross-section regression is the use of only one observation point. For all
countries the average over all years of each variable is calculated.   
Referring to equations (21.) and (27.) the dependent variable (yi) is either a vector with the
level of per-capita income or the growth rate of per capita income. The common intercept β0 
is made up by the stock of technology ln(A0) and its growth rate (gt). The assumption of a 
common intercept for all countries within the cross-country regression does not allow an 
estimation of the impact of different initial level of technology (A0) for different countries. 
Rather, it must be assumed to be the same across all countries. This assumption is somewhat 
questionable, especially considering that this term comprises factors like resource endow-
ment, climate or institutional features. Xik is a matrix containing all k independent regressors 
for each country. With our model specification these are the logarithms of population growth 
plus depreciation and technology growth rate (n+δ+g), physical capital accumulation (sk), 
imported capital accumulation (ex), human capital accumulation through school education 
(sh), learning by doing (1+p), and knowledge transfer (1+w). In the income growth equation 
(27.) the logarithm of initial income per capita (pci0) is added as independent variable. The
regression coefficients βk provide information on direction and strength o
re
ing an identical impact of the individual regressors on all countries. εi is a vector of the u
tematic error term, which contains the non-explained variance of the dependent variable. On
of the preconditions for an efficient and 
the error term from th
s
 
Panel regression unites cross-section with time series. Panel data therefore have a cross-
section dimension (i = 1,…,N) and a time dimension (t = 1,…,T). The general panel model   12
yi = βit + βkitXkit + εit
 
There are several possible different cases depending on the variation of the intercept and the
coefficients over time and section. Two cases will be looked at here: The first one assumes 
time and cross-section invariant intercepts and coefficients (y
 
into the regres-
e so-called random effects (RE) model splits 
e error-term into an individual and a common term, with the first term capturing the vari-
f the dependent variable caused by random individual country effects.   
6 
as set at a minimum of halve a million people. In addition 
P). 
r population growth (pop) are taken from the World Development Indicators (WDI) 




manufactures imports (% of merchandise imports)
25 with total merchandise imports and 
   
i = β + βkXkit + εit).  It is esti-
mated with so-called pooled panel regression. The second case allows for different cross-
section intercepts (yi = βi + βkXkit + εit). This is of special interest, since it allows us to drop 
the questionable assumption of a common level of technology (A0) for every country. It is 
now possible to incorporate the influence of country-specific technology level 
sion estimation. This can be done in two ways. In the so-called fixed effects (FE) model a 
dummy variable, which is assumed to be correlated with the regressors, is added for each 
country to incorporate the individual effects. Th
th
ance o
However, the use of panel data methods also has some drawbacks.
22 Through the time dimen-
sion of panel data problems of autocorrelation and time trends for example can make it diffi-
cult to receive meaningful regression results.   
 
Data 
The original set of countries consists of eighty countries. Developing countries up to (includ-
ing) the upper middle income category from the World Development Indicators (WDI) 200
were selected. Population size w
former Soviet-republics and Eastern European countries were excluded. The list of the re-
maining 80 countries can be found in annex A. Due to data availability and quality, several of 
these countries were not included in various regressions. Only 60 countries are integrated in 
the main regressions. For most of the variables data exist back to the year 1965, for a few 
variables data start from 1970.  
The data on GDP per capita, GDP per capita growth as well as basis GDP per capita are taken 
from the Penn World Table version 6.2
23. All the terms are in Purchasing Power Parity (PP
Data fo
2
investment in the physical capital stock, the variable sk in the model, two different indicato
are used: capital from the WDI 2006 measures an economy’s capital formation as percent
of the GDP
24 and invest from the Penn World Table giving the share of investment in the
GDP.  
 
As an indicator for the rate of imported physical capital accumulation (ex), three measure-
ments were employed. The first one, labelled impcap, is constructed through multiplying 
                                               
ational 
ry 
ogress." According to the 1993 SNA, net 
 goods), excluding division 68 (nonferrous metals). 
22 Compare to e.g. Barro (1996). 
23 Alan Heston, Robert Summers and Bettina Aten, Penn World Table Version 6.2, Center for Intern
Comparisons of Production, Income and Prices at the University of Pennsylvania, September 2006. 
24 The official terming of the series in the WDI 2006 is “Gross capital formation (% of GDP)”. It “consists of 
outlays on additions to the fixed assets of the economy plus net changes in the level of inventories. Fixed assets 
include land improvements (fences, ditches, drains, and so on); plant, machinery, and equipment purchases; and 
the construction of roads, railways, and the like, including schools, offices, hospitals, private residential dwell-
ings, and commercial and industrial buildings. Inventories are stocks of goods held by firms to meet tempora
or unexpected fluctuations in production or sales, and "work in pr
acquisitions of valuables are also considered capital formation.” 
25 Manufactures comprise the commodities in SITC sections 5 (chemicals), 6 (basic manufactures), 7 (machinery 
and transport equipment), and 8 (miscellaneous manufactured
Values are combined from the WDIs 1999, 2002, and 2006.   13
dividing it by GDP. Since manufactures is a very broad category that not merely contains 
capital in the narrow definition, a second indicator, sict7gdp, was developed by dividing only 
e value of imports from SICT section 7 (machinery and transport equipment)








 alternation of the regression equation by 








                                                
th
This variable should provide a more narrow definition of capital imports. Finally the same 
value was divided by total imports, creating the variable sict7. As our model suggest, the 
coefficient on all of these variables should enter with a positive sign. 
 
Finding indicators for the formation of the human capital stock was deemed to be dispropor
tionate more difficult. The first out of three ways of human capital accumulation is investment 
in school education (sh). School enrolment ratios, that can e.g. be obtained from the WDI, ar
frequently cited proxies for investment in school education. Primary school enrolment thereby
provides the ratio of pupils attending primary school to the total number of children in that 
age group. The same information for higher education can be obtained with secondary sch
enrolment ratios. Using these variables for the regressions, however, turned out to produce 
useless results. In both cases the signs of the coefficients were negative, implying a negative 
impact of school education on income. Therefore these indicators were dropped.
27 Another 
source for data on schooling is the Barro-Lee data set on education.
28 It provides various 
different variables concerning school education on five year avarages. The percentage of the 
working population with completed primary education (blprim), the percentage of the popula
tion with completed secondary education (blsec), and the percentage of the population with no 
completed school education (blnosch) were selected as possible indicators for school educa
tion. It is expect that the coefficients on the first two variables enter the equation with a pos
tive sign, while the last one enters with a negative sign. (Notice that these three variables do 
not proxy for the rate of human capital accumulation but rather for the level of human capital. 
As pointed out by MRW (p.418) this requires an
s
elasticities (α, β,  and γ) in equations (21.) and (27.), but does not otherwise affect the results.
Another variable proxying for the level of human capital is the literacy ratio (lit) which can be
found in the WDI 2004. 
 
The second way of human capital accumulation is done through learning by doing. As it ha
been shown above, this can be proxied by an index for product discovery. Product discovery
in this case does not necessarily imply the invention of a new product, but whenever a country
starts producing a new good that it has not been producing before, strong learning by doing
rates are implied. Since there are no direct data on new goods produced, we turn to export 
data. The idea is, that a good exported for the first time, counts as product discovery. There
certainly is a time lack between discovery and first time export, but one can argue that when 
exporting a good for the first time, the country must have “learned” to produce more cost 
efficiently. The UN Comtrade database lists exports up to a six digit product level (approxi-
mately 5000 commodity groups), which allows for identifying new discoveries. However, 
data at the six digit level only exist for recent years. To reach further back, more aggregated 
data at the three digit level (around 175 commodity groups) had to be used.
29 This clearly 
means a loss of information, but if one wants to maintain the timeframe back to the 1960s, 
this was a necessary compromise. Every product that has been exported for the first time at a 
 
26 Data are taken from the UN Comtrade data base system at http://comtrade.un.org/db/ on April 2007. 
27 One reason for this negative impact could be that high school enrolment ratios only increase the human capital 
stock of the actual working population with a time lack of fife to ten years, while at the moment rather using up 
resources that can not be put to productive work. 
28 Barro, Lee 2001. 
29 Data are taken from the SICT revision 1 classification system accessed via the UN Comtrade data base system 
at http://comtrade.un.org/db/ on April 2007.    14
value of more than five hundred thousand dollars and done so in three consecutive years, is 
 
 
rtant role for this. Due to data availability, telephone landlines as proxy for infra-
tructure, the share of trade in GDP, as well as foreign direct investment were chosen to quan-
bsorption capacity of a country. The variables were normalized to values between 
ly 
classical growth 
odel. Because two different measures for capital and four different measures for human 
ion results with all eight possible combina-
very high explanatory power. More than 80 
lained by the included regressors. This is a very good 
umber for a cross-country regression  tainin ly dev ping c tries.  
ABLE 1: CROSS- NTRY  REGRESSION 
ependent variable:  P pe a in P
V   V VI I 
counted as discovery. Due to data availability problems this indicator could not be built for
every country, reducing the number of countries included in the regressions to sixty (see the 
appendix for the data). The variable disc was further normalized to values between zero and 
one.  
 
The third concept of human capital accumulation is knowledge transfer, which can be cap-




zero and one and combined into the index know.
30 It is obvious that this indicator does not 




Table 1 provides the basic results of the OLS estimation for the extended neo-
m
capital were used, the table provides the regress
tions. The results are striking. The model has a 
per cent of the variation in income is exp
n con g on elo oun
 
T COU  OLS
D log GD r capit PP 
  I  II III IV V  I II  I
C  8.  9  9.  9.  
0.  0.  0.  0.  
g(pop+5)  -1 6 -1 9 -2 2 -1 2 
0.  0.  0.   0  0.  0.  
g(capital)  0.  0.  0.  
0.   0.  0.  
g(invest)  0.   0.  0.  
0.  0   0.  
g(lit) 0.   0.  
0.   0.  




0.01 0.02 0.02 0.02 0.03 0.08 0.09 0.10 
00 0.00 0.00 
8.25 9.07 9.17 8.88  69 .81 82 63
  00 00 00 00 0.00 0.00 0.00 0.00 
lo .6 .9 .0 .7 -1.49 -1.76 -1.76 -1.51 
  0.00  00 00 01 0.01  .01 01 03
lo 0.50  64 64 65     
  03 0.01  01 01     
lo      21 0.19  18 19
      04 .11 0.11  09
lo 17    17     
  16    15    
lo   02    02   
    0.82      0.83    
lo    0.00      0.03   
     0.95      0.61   
lo     -0.08      -0.08 
      0.35      0.39 





3.05 3.17 3.20 3.00 3.00 3.27 3.22 3.11 







3.80  lo +1)  3.67 3.59 3.63 3.55 3.79
0.00 0.00 0.00 0.00 0.00 0.  
                                                 
30 Data for these three variables are taken from the WDI 2006.   15
Adjusted R-
squared  0.86 0.84 0.84 0.84 0.86 0.83 0.83 0.83 
White Hetero-
skedasticity  0.85 0.81 0.50 0.82 0.92 0.70 0.33 0.68 
  Note: P-values for T-test provided below the coefficient value. 
 
Not all variables, however, entered the regression with a statistical significant impact. This is 
true for all the indicators of human capital acquired by school education, i.e. lit, blprim, blsec, 
blnosch. The coefficient on literacy rate (lit) with a probability of 0.16 and 0.15 (see regres-
 
edge transfer (know). They may capture some of the aspects of 
.
31  
 Its negative sign actually implies that the import of capital goods has a negative im-
act on the level of income.  
asurements of imported 
capital, namely imported capital in relation to GDP (sict7gdp) and imported capital in relation 
t e 2 below presents the results of these regres-
sions. 
 
TABLE 2: DIFFERENT MEASUREM S OF IMPORTED CAPITAL 
pe  vari g GDP per capita in PPP 
log(p log(cap lo log(blsec)
sions I and V) comes closest to any level of significance. An explanation could be that the
impact of schooling is interfered by the impact of the two other human capital factors, learn-
ing by doing (disc) and knowl
school education and at the same time exerting a stronger impact on the dependent variable
 
The coefficient on imported foreign capital (impcap) has the opposite sign of what is ex-
pected.
p
To further investigate this outcome, regressions with two other me
o all imports (sict7) were performed.
32 Tabl
ENT
De ndent able: lo
  C  op5)  ital)  g(lit) log(sict7gpd) log(s log(k log( ict7) now)  disc)
I 7.81  -1.91  0.37 0.20 -0.14 2.60 3.98
  0.00 0.00  0.13  0.10 0.15 0.00 0.00
II 9.09  -2.32  0.50  0.01 -0.11 2.65 4.12
  0.00 0.00  0.05  0.81 0.29 0.00 0.00
III  0.12 9.85  -2.27 0.28  0.28
0.34
2.31 4.15
  0.00 0.00  0.24  0.14 0.00 0.00
IV 1 0.01 0.93  -2.60  0.37  0.41 2.37 4.01
  0.00 0.00  0.13  0.83 0.02 0.00 0.00
V 8.83  -2.20  0.49  -0.11 2.76 4.35
  0.00 0.00  0.03  0.26 0.00 0.00
VI 10.44  -2.42  0.36  0.35 2.49 4.28
  0.00 0.00  0.10  0.05 0.00 0.00
  Note: P-values for T-test provided below the coefficient value. 
 
The values of the coefficient and its T-test differ from those in table 1. When using imported 
capital in relation to GDP the sign is still negative but the value of the coefficient is no longer 
significantly different from zero. One can imply that imported capital has no significant im
pact on income. Compared to a significant negative impact this result is slightly closer to w
is expected. When apply
-
hat 
ing imported capital in relation to all imports, the results look much 
ot 
                                                
more in favour of the theoretical considerations. The sign is now positive, and in cases IV and 
VI it is significant at the 5% level. However, as pointed out above, this measurement does n
capture actual capital accumulation, since a country with a relative high share of imported 
 
31 Another likely explanation is miss-measurement and data problems with schooling variables. 
32 For the exact definition of these two variables see chapter Data.   16
capital in imports can still import less capital than another country, just because its overall 
imports are very small. 
There are several possible explanations for these results. (i) Countries with a bigger domestic 




This can lead to distortions in the values of the coefficient and be a 
 
 
find a negative relation between import of capital and level of 
come in the regressions. 
 conditions and thereby slowing down the 
roduction process further.  
i-
een 
sitive and highly significant. This 
ariable was introduced to quantify the impact of learning by doing. As described above, it 
ind 
s, 
 diffusion and acquirement of knowledge and therefore 
crease the stock of human capital in an economy. If looked at from this perspective, the 
g are captured with these three 
lements, nevertheless an important part has been captured so that the variable know enters 
ion.   
 
f foreign trade we have run an additional regres-
ion ju ith n t ivided 
 GDP stan zed to  s b en zero and one.  
BLE  REIG ADE 
dent variable: l DP per c
Mexico, tend to have smaller shares of overall imports in GDP. While smaller countries te
to have higher shares of overall imports in GDP. That implies that bigger countries would a
have smaller shares of imported capital on average and smaller countries would have higher
shares of imported capital. 
possible explanation for the “bad” results with the variables capimp and sict7gdp, which both
are measured in relation to GDP, while the third variable sict7 is not.    
(ii) Possibly, countries with little GDP per capita lack the capacities to produce machines 
domestically and are therefore much more reliant on imports of foreign capital goods than
“richer” countries. Thus, we 
in
(iii) Another explanation could be that imported capital can not be used as efficiently in the 
domestic production. This could be because putting the machines to effective use requires  
know-how that is missing and takes time to be acquired. Furthermore, imported machines 
could be poorly adapted to the local production
p
 
Most of these arguments are rather vague and would require further (micro-economic) exam
nation and explanation before one can draw precise conclusion about the connection betw
imported capital and its impact on income However, it seems clear that it is not as straight 
forward (positively) as theory would suggest.  
 
The independent variable disc enters every regression po
v
counts the number of new products being exported: i.e. the more new products a country 
exports, the higher its level of income. This is a strong argument in favour of export diversifi-
cation and not specialization for developing countries. In the line with Lucas, the logic beh
this argument is that with every new product developed and exported, the stock of human 
capital is build-up through high learning by doing rates. 
 
Similarly, the variable for knowledge transfer know enters every regression highly signifi-
cantly. As described above, this variable is an indicator composed of three different variable
foreign trade, foreign direct investment and infrastructure. The idea is that these variables 
represent important elements of the
in
empirical results attest that knowledge transfer plays a very important part in the accumula-
tion of human capital and subsequent determination of the level of income. Certainly not all 
aspects of knowledge transfer like e.g. the institutional settin
e
significantly into the regress
Since this paper is concerned with the role o
s st w  a trade i dicator. Trade is composed of  otal exports plus total imports d
by  and  dardi value etwe
 
TA 3: FO N TR
Depen og G apita in PPP   17
 C log(p log(cap log log(sict7gpd) log(impcap)   op5) ital)  (lit) log(tr log( ade)  disc) 
I  -0.35 9.58  -2.68 0.55  0.36 1.48 4.25 
  0.00 0.00 0.04  0.00 0.08 0.02 0.00 
II 8.90  -2.73 0.49  0.38 -0.05 0.69 4.29 
  0.00 0.00 0.09  0.00 0.67 0.17 0.00 
III 9.30 -2.92 0.59 0.34 0.57 4.24 
  0.00 0.00 0.03  0.01 0.14 0.00 
Note: P-values for T-test provided below the coefficient value. 
 
The results seem to be a bit ambiguous. The trade indicator enters significantly only in the 
first regression when using impcap for imported capital. Trade seems to have no significant 
impact on income when using sict7gdp and when dropping imported capital from the equa-
ion. In addition, the value of the coefficient decreased from abo t ut 3,0 for the combined indi-
 
fer is not as strong 
xerting a bigger impact. 
Relaxing the theoretical assumptions and the derivation of the model, one could follow tech-
nical con ns and dro nif able olin ell as the “prob-
lematic” variables for imported capital. This would provide us an estimation with a minimum 
number of  ependent varia ults  n in BLE
TABL ED REG  
Depe DP per ca
cator to 1,5 and 0,6 for the single trade indicator. With caution one could conclude that trade 
alone does not have such a strong effect on knowledge transfer. However, combined with the
other elements of knowledge transfer it may still play an important role. Another interesting 
observation is the fact that the coefficient on schooling (lit) in these regressions is always 
highly significant. It seems that whenever the impact of knowledge trans
the other human capital variables are e
 
sideratio p the insig icant vari s for scho g, as w
ind bles. Res are show  table TA  4. 
E 4: BEST FITT RESSION
ndent variable: G pita in PPP  

















LOG(KNO 2.464581 0.41595 0.0000 
LOG(DISC+1 4.352018 0.453066 0.0000 
R-squared  0.855617     Mean dependent var  7.572387
icity  0.349117    
ues 
 
Adjusted R-squared  0.845828     S.D. dependent var  0.799727 
S.E. of regression  0.314011     Akaike info criterion  0.596126 
Sum squared resid  5.817568     Schwarz criterion  0.764789 
Log likelihood  -14.07604     F-statistic  87.40860 
rbin-Watson stat  1.988901     Prob(F-statistic)  0.000000  Du
White Heteroskedast
 
With only four independent variables, this “model” has almost the same explanatory power 
(adjusted R-squared of 85%) as the original model. This adjusted model contains the two 
basic variables from the Solow-modell, population growth and investments (real capital ac-
cumulation), plus the two new introduced indicators of human capital accumulation.   
 
Income growth  
The results do not change much when the focus is on income growth. The growth-equation 
(27.) is subsequently estimated using OLS cross-country regressions with the average val  18
of the variables over time. The dependent variable here is growth of GDP per capita in pur-
chasing power parities. GDP per capita at time t0 (GDPbasis) enters the equation as new 
regressor. This variable catches the notion of convergence. A negative sign would imply that 
countries with a bigger difference between their income at the end of the 1960s and their
steady state income experienced faster income growth. As TABLE 5 shows, the coefficient is 
highly significant, supporting the validity of the neoclassical assumption of  catching-up 
growth to the steady state income caused by diminishing returns.  
As it is
 
 the case with the level regression, all four schooling variables are not significant in the 
icient on lit even exhibiting a negative sign. The regres-
ulation are not listed separate, since they are very 
y power of the growth regressions is 
eaker than for the le el regressions (adjusted R-squared about 60 per cent for the former and 
out 80 for the lat is cou icate th ntries ed their steady state or are 
a  drivin sitional th do not play such an important role any-
ROWTH ESSIO
Dependent variable: Growth of GDP
growth regression either. The coeff
sions with invest as proxy for capital accum
similar to the results below. The overall explanator
w v
ab er). Th ld ind at cou  have reach
nearby so that the f
more. 
ctors g tran  grow
TABLE 5: G  REGR N 
 per capita in PPP  
      
C 
0.  0.  0.  
s)  -1 2 -1 8 
0.   0.  0.  
  -6 9 -6 3  -7 6 
  0.  0.   0.  
1.  1.  1.  




0.09 0.19 0.22 0.14 
 
7.22 5.20 5.38 5.73 
20.78 19.27 20.08 20.44 
  0.00  00 00 00
log(GDPbasi
 
-1. 9  4 -1.40  .4 .3
00 0.00  00 00
log(pop+5) .1 .2 -6.37  .0
00 00 0.00  00
log(capital)  66 90 80 1.96 
00 00 00 0.00 
log(lit)  -0.10     
  0.72     
log(blprim)   0.16     
   0.44     













   
-0.50 
0.58 




)  4.70 3.88 3.87 4.38




  0.00 0.00 0.00 0.00 
Adjusted R-
squared  0.64  0.59  0.59  0.58 
White hetero-
skedasticity  0.75 0.39 0.17 0.32 
Note: P-values for T-test provided below the coefficient value. 
 
Panel regression 
Panel regressions with the level of income as dependent variable did not generate useful 
results. Several variables, especially the dependent variable gdppercapita, have a strong time 
trend causing non stationary behaviour and spurious regression. Under these conditions the 
estimation does not produce efficient and unbiased results, especially the values of the coeffi-
cients are skewed and the t-values are no longer valid for determining statistical significance
The results look better when using growth rates of income as dependent variable. 
. 
6  TABLE   19
shows the table for the pooled panel regression, which yields results similar to those from the 
cross-country regressions. One difference is the insignificance of the coefficient of disc, im-
plying that discovery and learning by doing do not have significant impact on income growt
Most likely the reason for this result can be found in the way the indicator is constructed. 
very difficult to exactly determine when a new discovery has taken place. Products could b





at strong learning rates have already occurred before the time of export. In addition, the 
 of 
ividual country effects. This is done by estimating a random effects 
nd a fixed effect panel model. However, as can be seen from the table, the adjusted R-
 best value is reached with the fixed effects model, 
however in this model the signs and values for the coefficients distort completely from the 
The Hausman Test for fixed vs. random effects 
rejects the  ll hypothesis  tion be idu gressors. 
This is an indication that actua e  eff ethod 
concerning our data sets. 
 






limit of five hundred thousand is set quite arbitrarily and is not adjusted for inflation over 
time. This actually should lead to more discoveries in recent years. However, this effect could 
be offset by the fact that the export data are highly aggregated, so that during the course
time there is not so much more to discover. When using cross-country data over a longer 
period of time these issues do not play an influential role. When considering the variation 
over time as done in panel regression, these issues can lead to distorted numbers.  
 
The adjusted R-squared value is relatively low (22%). The expectation is, that it improves 
with the integration of ind
a
squared value does not improve much. Its
other regressions and provide useless results. 
nu of no correla tween the indiv
 model i
al effects and the re
lly th  fixed ects s the preferable estimation m
 REGRES ION 
endent variable:   of per cap a GDP 
  Pooled Pa el  Random  ects 
(Cro
xed Effect Cross) 
C 14.15730  0.0001 13.88893 0.0003 10.21552  0.0670 
LOG(BASISGDP?) -1.419595 -1.449952 -1.948069 
-6.931632 -6.791576 -3.913804 
) 3.547059 3.624597 3.826453 
.391309 0.385923 0.248470 
-0.115365 0.806860 
LOG(K 3.332452 0.0329 -0.383950  0.8924 
  0.0000 0.0000 0.0000 
LOG(POP?+5) 
?
  0.0000 0.0000 0.0917 
LOG(CAPITAL   0.0000 0.0000 0.0000 
LOG(BLSEC?) 0
LO
  0.0061 0.0124
0.6882
0.5548 
0.1584  G(IMPCAP?) -0.122699  0.6541
NOWAV?+1) 3.239533  0.0324
LOG(DISC?+1) 0.846272  0.3097 0.613776 0.4603 -1.064279  0.2849 
R-squared 0.238710 0.227415 0.405869 
Adjusted R-squared  0.223174 0.211648 0.275450 
S.E. of regression  2.474243 2.420050 2.389542 
Durbin-Watson stat  1.739401 1.809722 2.143615 
  Notice: Individual effects not listed here. 
 
Since the panel regressions do not  satisfying results, the problem of the assumption of a 
common intercept in the cross-country regression is tried to mitigate by introducing regional 
dummies. The idea is, that initial technology could be similar within regions while differing
between regions.
 
frica (SSH), Latin America and Caribbean (LAC), North 
frica and Middle East (NAME), South Asia (SA), and East Asia (EA). Only the dummies for 
Sub-Saharan-Africa and East Asia enter the regression significantly (see TABLE 7). East Asia 
                                                




33 See Temple (1998)   20
with a positive sign and Sub-Saharan-Africa with a negative sign. It could be that the variance 
at the dummies do not produce significant 
results. With the two additional regional dummies the fit of the model could be slightly im-




Depend wth of G ita in
of initial technology in the other regions is so big th
ot b uld have ected if a e individ country
chnology could be integrat .   
 7: REGIONAL D S 
ent variable: Gro DP per cap  PPP  





















LO 0.084845 0.123470 0.6 0.4953 
LOG(CAPIMP)
A
0.537032 0.325458 -1.650 0.1055 








EA 0.896423 0.36760 0.0185 
SSA -0.658624 0.324993 0.0483 
R-squared  0.715053     Mean dependent var  5.113317 
0.661626     S.D. dependent var  1.265452 
0.736113     Akaike info criterion  2.380719 
egressions. The indicators for 
 entered all the regressions highly 
l 
                                                
Adjusted R-squared 
S.E. of regression 
Sum squared resid  26.00937     Schwarz criterion  2.735967 
Log likelihood  -59.04084     F-statistic  13.38361 





The Intention of this paper was to analyse the impact of trade on income within a neo-
classical framework incorporating aspects from new (endogenous) growth theories. Within 
such a setting, it is (only) possible to investigate the accumulation effects of trade on various 
capital types. It is not possible to evaluate impacts of trade on technological progress (produc-
tivity). By modelling knowledge transfer and learning by doing - two factors that are usually 
associated with productivity growth - as human capital increasing, it was possible to include 
two new exogenous variables into an augmented Solow steady-state income and transitional 
growth equation. It turns out that these two human capital variables seem to have a stronger 
impact on income than the more traditional human capital indicator “school education”. Al-
though measuring school education with various different indicators, the coefficients on these 
ariables did not show a significant impact in any of the r v
knowledge transfer and learning by doing on the other hand,
34 significant.   
These two new human capital indicators, together with population growth and physical capita
accumulation, explained 85 percent of income variation in an augmented Solow model ap-
plied to a set of 60 developing countries. The results are robust to the use of various different 
indicators, model specifications and statistical methods.  
 
 
34 Except for the panel regression, where the indicator for learning by doing was not significant. A plausible 
explanation for this is given in the text.    21
What is the connection between these variables and trade?  
1. International trade can play a vital role for knowledge diffusion. Along with the exchange 




 human capital variable, learning by doing, is actually proxied by how many 
ew goods a country exports. In fact, it could also be a measure of export diversification. The 
, 
re-
as that developing countries could import capital goods that they are not able to produce 
orted capital goods in more detail.   
he conclusion one can draw from these findings is that the exchange of physical goods as 
uch does not fundamentally increase income. Rather the associated exchange of ideas and 
nowledge combined with learning by doing effects in the production and export of new 
oods can improve the income situation of developing countries. Thus, government policies 
should be geared towards improving the capacities for knowledge absorption as well as enact-







ment, etc. Together with other factors that foster knowledge diffusion and absorption capac
ties such as infrastructure, trade plays an important part in human capital accumulation and 
subsequent income growth. The indicator for knowledge diffusion could be labelled “open-
ness” in a very broad definition and then the claim “openness is good for growth” could b
supported by the findings in this paper. Notice however that the impact is on human capita




impact of export diversification in this setting stems from learning by doing effects induced 
by the production and export of new goods. The empirical results point towards a strong 
impact of  product development (innovation or imitation) and export diversification on in-
come. Since the data on export diversification applied in this study were highly aggregated
the verification of these findings would require a more detailed examination on a less agg
gated level.   
 
3. Empirically mixed effects were obtained for the import of capital goods. The assumption 
w
domestically and thereby profiting from higher productivity. To control for this impact, im-
ported capital goods were introduced as separate factor of  production assuming a higher 
elasticity of production than for the domestic capital stock. However, from the empirical 
estimations one can not conclude that this is the case. Imported capital was not only less 
productive, but in most cases had no impact on income at all. Further research on a less ag-








obs Country  GDP  gGDP  GDPBASIS  POP  CAPITAL  INVEST 
           
1 Albania       1.53 24.88   
2 Algeria  3715.19  5.24 630.55 2.48 32.71 17.89
3 Angola       2.55 16.70   
4 Argentina  7360.12  4.52 1685.24 1.42 20.60 16.77
5 Bangladesh  1167.42  5.61 413.15 2.27 15.58 9.07
6 Benin  774.14  4.58 191.68 2.84 15.48 10.06
7 Bolivia  2044.41  4.42 485.34 2.25 16.93 10.09
8 Botswana  3548.58  10.08 304.35 2.56 32.25 22.00
9 Brazil  4754.99  6.08 570.07 2.13 21.17 20.04
10 Bulgaria       -0.01 24.14   
11 Burkina Faso  645.81  4.81 152.47 2.38 17.99 10.25
12 Burundi  579.80  3.89 147.78 2.06 11.32 4.81
13 Cameroon  1642.23  4.99 337.59 2.50 19.11 6.21
14 Central African Rep. 695.12  3.09 343.04 2.17 13.59 9.69
15 Chad  596.57  3.35 245.24 2.53 16.21 10.09
16 Chile  6175.72  5.95 1107.53 1.71 20.40 18.53
17 China  1697.63  9.35 94.42 1.52 32.92 28.44
18 Colombia  3733.28  5.58 585.87 2.24 18.98 13.33
19 Comoros  1277.71  3.48 365.43 2.34 20.97 12.23
20 Congo, Dem. Rep.  534.89  0.45 358.10 2.91 11.49 9.32
21 Congo, Rep.  1335.60  4.95 199.66 3.06 28.48 22.50
22 Costa Rica  5007.70  5.11 953.49 2.65 22.16 9.94
23 Cote d'Ivoire  1711.25  4.88 317.53 3.67 16.81 7.08
24 Dominican Rep.  3497.25  6.30 482.88 2.29 21.42 12.29
25 Ecuador  3359.70  4.82 585.36 2.46 19.67 21.56
26 Egypt, Arab Rep.  2516.86  6.04 380.11 2.19 21.91 8.19
27 El Salvador  3002.98  4.58 704.49 2.21 16.15 8.25
28 Ethiopia  392.99  4.84 87.75 2.54 15.42 3.82
29 Fiji  3173.53  5.39 889.40 1.76 19.23 14.96
30 Gambia, The  726.37  3.69 205.05 3.23 16.78 7.65
31 Ghana  992.84  3.33 409.89 2.54 14.11 5.84
32 Guatemala  2553.15  4.51 586.94 2.48 15.29 8.01
33 Guinea-Bissau  476.82  4.16 106.78 2.29 24.40 14.49
34 Guyana  1931.14  5.05 820.28 2.48 27.70 16.75
35 Honduras  1603.51  4.44 349.76 2.99 23.21 14.33
36 India  1357.28  6.62 186.64 2.06 20.65 11.62
37 Indonesia  2087.10  7.56 152.15 1.91 23.22 18.16
38 Iran, Islamic Rep.  4147.52  5.48 681.83 2.58 26.93 30.03
39 Jamaica  3040.17  4.26 735.50 1.10 25.63 17.33
40 Jordan  2995.56  4.03 766.20 4.25 28.29 15.92
41 Kenya  868.76  3.54 282.28 3.22 20.60 12.72
42 Lesotho  1080.91  6.69 134.98 1.70 33.49 20.24
43 Madagascar  668.30  2.57 277.72 2.76 11.66 4.27
44 Malawi  548.73  5.26 101.63 2.88 19.55 10.37
45 Malaysia  5385.35  8.00 427.94 2.55 26.93 23.85
46 Mali  650.40  4.71 161.86 2.52 19.00 9.03
47 Mauritania  947.56  4.82 343.43 2.47 20.70 14.50
48 Mauritius  7618.45  7.10 815.27 1.45 26.00 12.66
49 Mexico  5110.74  5.47 799.64 2.36 22.12 19.35  23
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obs Country  GDP  gGDP  GDPBASIS POP  CAPITAL  INVEST 
      
50 Mongolia  1025.37  5.59 259.47 2.20 23.36
51 Morocco  2428.97  6.47 271.33 2.15 21.71 13.89
52 Mozambique  760.79  5.35 170.21 2.12 20.38 3.64
53 Nepal  811.89  5.15 167.78 2.19 17.41 15.59
54 Nicaragua  2980.83  3.14 901.37 2.74 21.98 10.10
55 Niger  663.31  2.95 235.49 3.09 12.65 7.85
56 Nigeria  770.71  3.90 235.95 2.60 19.29 7.15
57 Pakistan  1532.82  6.27 178.91 2.72 17.67 12.92
58 Panama  4569.42  6.47 556.58 2.37 21.00 19.31
59 Papua New Guinea  2543.94  6.38 573.34 2.31 23.83 8.94
60 Paraguay  3374.56  5.36 485.89 2.68 22.28 13.02
61 Peru  3053.39  4.47 678.60 2.33 23.01 16.91
62 Philippines  2304.30  5.19 442.87 2.52 22.76 15.64
63 Rwanda  776.36  4.24 206.18 2.55 13.71 2.96
64 Senegal  1165.47  3.36 458.83 2.67 14.25 5.69
65 Sierra Leone  669.01  1.91 335.58 1.95 4.10
66 South Africa  5576.96  5.28 985.69 2.19 22.20 10.06
67 Sri Lanka  2088.03  6.58 292.18 1.52 22.94 14.83
68 Sudan  731.61  4.68 268.02 2.56 15.52 13.39
69 Swaziland  4573.60  7.23 861.18 2.79 24.13 11.86
70 Syrian Arab Rep.  1328.13  6.34 144.48 3.16 22.00 8.74
71 Thailand  3549.31  7.93 253.17 2.01 28.87 31.06
72 Togo  729.46  3.60 171.69 3.01 20.21 11.16
73 Trinidad and Tobago 8619.61  6.56 1173.90 1.02 22.78 19.57
74 Tunisia  4061.65  6.14 613.00 1.94 27.14 18.65
75 Turkey  3372.20  5.84 496.65 2.19 19.84 15.33
76 Uganda  627.02  4.24 191.17 3.26 12.65 2.76
77 Uruguay  6288.38  4.77 1314.44 0.71 15.98 14.28
78 Venezuela, RB  5291.43  4.45 1180.78 2.84 25.13 19.26
79 Zambia  948.26  1.75 502.13 2.94 21.53 16.94
80 Zimbabwe  2170.24  3.58 544.91 2.83 17.34 14.22
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obs Country  BLPRIM  BLSEC BLNOSCH LIT IMPCAP SICT7 SICT7GDP  KNOW DISC
              
1  Albania      71.38    0.20 
2 Algeria  7.98  3.63 67.40 45.96 15.34 0.35 0.08  0.17 0.23
3  Angola            0.57 
4 Argentina  28.46  8.06 8.21 95.12 5.35 0.37 0.03  0.31 0.32
5 Bangladesh  4.36  3.79 72.38 32.39 8.18 0.20 0.04  0.02 0.24
6 Benin  2.53  1.03 83.31 23.74 15.96 0.18 0.05  0.11 0.07
7 Bolivia  8.38  7.28 43.29 73.23 15.68 0.40 0.09  0.26 0.22
8  Botswana  13.69  2.29 54.96 63.47    0.35 
9 Brazil  11.04  3.60 32.53 78.59 4.52 0.30 0.03  0.25 0.33
10  Bulgaria      96.05    0.59 
11 Burkina Faso        12.55 10.26 0.25 0.05  0.05 0.08
12 Burundi  4.60  0.70 75.40 33.88 11.16 0.25 0.06  0.04 0.00
13 Cameroon  7.06  1.73 62.56 51.10 13.52 0.31 0.05  0.10 0.17
14 Central African Rep.  3.21  1.01 81.70 28.83 11.23 0.32 0.04  0.10 0.01
15 Chad        24.56 7.63 0.23 0.01  0.23 
16 Chile  13.60  12.37 10.76 92.59 13.37 0.36 0.09  0.38 0.35
17 China  12.90  10.90 35.18 71.72 13.84 0.39 0.17  0.18 
18 Colombia  11.23  6.22 27.91 86.15 9.76 0.39 0.06  0.27 0.36
19  Comoros      52.90 16.92   0.12 
20 Congo, Dem. Rep.  5.52  1.79 65.51  3.38    0.06 
21 Congo, Rep.  5.62  5.06 58.83 59.52 22.31 0.33 0.05  0.36 0.04
22 Costa Rica  15.90  4.18 14.50 92.70 25.40 0.29 0.14  0.50 0.33
23 Cote d'Ivoire        33.79 17.17 0.27 0.07  0.18 0.28
24 Dominican Rep.  10.17  2.88 34.68 76.79 13.53 0.24 0.04  0.33 0.33
25 Ecuador  18.47  5.44 27.89 84.45 14.94 0.39 0.09  0.29 0.29
26 Egypt, Arab Rep.  4.95  7.37 63.48 41.81 13.63 0.26 0.06  0.22 0.29
27 El Salvador  9.11  3.19 45.10 69.54 19.40 0.23 0.07  0.22 0.25
28 Ethiopia        25.73 11.79 0.34 0.04  0.09 0.04
29 Fiji  22.26  8.87 15.23 83.82 27.81 0.22 0.11  0.42 0.18
30 Gambia, The  1.67  1.07 85.80  29.02 0.18 0.11  0.33 0.00
31 Ghana  3.96  2.24 66.29 52.26 18.63 0.30 0.12  0.12 0.17
32 Guatemala  7.38  1.71 59.30 57.73 14.08 0.27 0.07  0.16 0.30
33  Guinea-Bissau        22.25   0.12 
34 Guyana  19.03  5.64 10.12    0.27 0.24  0.58 0.08
35 Honduras  9.39  4.20 45.38 64.17 23.04 0.26 0.10  0.23 0.28
36 India  7.99  3.68 65.26 45.66 3.77 0.19 0.03  0.03 0.17
37 Indonesia  15.60  5.27 51.60 74.30 11.90 0.36 0.06  0.11 0.40
38 Iran, Islamic Rep.  5.81  6.71 70.46 56.63 11.42 0.40 0.04  0.19 0.33
39 Jamaica  20.03  5.48 6.69 79.30 22.64 0.21 0.11  0.45 0.16
40 Jordan  6.93  8.20 56.37 75.50 29.34 0.24 0.15  0.44 0.38
41 Kenya  8.36  0.63 59.16 64.13 17.38 0.31 0.11  0.13 0.13
42  Lesotho  12.84  1.51 32.83 74.67    0.48 
43 Madagascar          11.14 0.28 0.05  0.08 0.12
44 Malawi  8.08  0.97 59.07 49.24 23.41 0.29 0.10  0.15 0.13
45 Malaysia  18.76  10.87 35.02 74.99 39.81 0.44 0.46  0.61 0.32
46 Mali  1.27  0.40 92.34 16.30 13.02 0.25 0.05  0.11 0.07
47 Mauritania  7.90  1.10 60.80 33.01 18.01 0.45 0.23  0.26 0.01
48 Mauritius  11.99  12.59 27.67 76.61 29.95 0.23 0.19  0.48 0.31
49 Mexico  16.64  6.43 30.17 83.71 11.60 0.45 0.11  0.25 0.25  25
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obs Country  BLPRIM  BLSEC BLNOSCH LIT IMPCAP SICT7 SICT7GDP  KNOW DISC
                
50 Mongolia        97.13       0.44 
51 Morocco  4.71  0.38 78.28 34.95 14.01 0.26 0.08  0.15 0.25
52 Mozambique  1.44  1.79 88.84 30.33 16.29      0.16 
53 Nepal  8.76  2.51 47.11 28.28 12.23 0.23 0.05  0.05 0.13
54 Nicaragua  1.83  0.26 91.01 61.19 25.49 0.26 0.11  0.21 0.23
55 Niger        10.44 7.98 0.23 0.03  0.08 0.07
56 Nigeria  4.30  4.57 78.04 42.67 16.07 0.36 0.08  0.18 0.09
57 Pakistan  20.08  11.28 19.66 30.94 9.93 0.26 0.07  0.07 0.34
58 Panama  7.90  1.16 75.01 86.86 20.82 0.26 0.12  0.64 0.24
59 Papua New Guinea  17.61  6.28 16.49  25.08 0.34 0.14  0.28 0.09
60 Paraguay  12.71  8.72 27.72 87.77 12.74 0.35 0.11  0.18 0.19
61 Peru  20.77  11.04 15.37 82.26 8.88 0.35 0.05  0.16 0.32
62 Philippines  5.31  0.60 72.23 89.30 17.47 0.34 0.17  0.18 0.36
63 Rwanda        48.09 10.58     0.05 
64 Senegal  7.66  0.98 62.32 25.97 15.22 0.21 0.08  0.16 0.23
65 Sierra Leone  2.48  0.72 85.86  16.82 0.20 0.04  0.08 
66 South Africa  9.76  11.58 32.47 78.77 15.40  0.00  0.27 
67 Sri Lanka  15.82  11.19 23.37 87.03 16.60 0.18 0.07  0.18 0.28
68 Sudan  3.26  1.44 79.80 41.46 10.22 0.30 0.05  0.07 0.05
69 Swaziland  8.97  4.21 50.18 66.31       0.52 
70 Syrian Arab Rep.  9.41  4.77 54.57 60.02 14.73 0.24 0.09  0.21 0.23
71 Thailand  21.80  2.63 28.97 89.27 20.39 0.36 0.19  0.25 0.35
72 Togo  3.94  0.90 75.54 39.92 21.34 0.23 0.08  0.22 0.16
73 Trinidad and Tobago  21.88  6.39 7.73 95.62 22.40 0.27 0.15  0.65 0.25
74 Tunisia  5.98  4.94 70.59 52.38 24.17 0.29 0.13  0.30 0.39
75 Turkey  28.74  4.17 47.46 72.63 10.22 0.34 0.06  0.32 0.39
76 Uganda  6.42  0.87 61.29 52.29 12.72      0.07 0.21
77 Uruguay  18.80  6.46 8.46 95.77 8.98 0.27 0.06  0.41 0.37
78 Venezuela, RB  11.72  5.04 31.63 86.23 13.10 0.44 0.07  0.29 0.41
79 Zambia  8.40  5.23 47.29 64.14 21.41 0.36 0.12  0.22 0.20
80 Zimbabwe  11.09  0.70 33.30 75.62 18.14 0.35 0.12  0.13 0.28
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